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Improvements in artificial cardiac valves. 

COMPLETE SPECIFICATION 



I, Wolfgang Seidel, a German National 
oi 20, Nussbaumstrasse, Munich, Germany, 
do hereby declare the invention, for which 
I pray that, a patent may be granted to me, 
5 and the method by which it is to be perfor- 
med, to be particularly described in and by 
the following statement: — 
The invention relates to artificial cardiac 



in order to ensure a working area in the 
heart free from blood. In heart surgery 
success frequently depends on speed 

a r^°[ di S g to th . e P resent Mention an 
artificial heart valve comprises a valve 50 
body a valve member movable with res- 
pect to tiie valve body and a fixing ring 
serving for fastening the prosthesis to 



m valves, which can be inserted!* a l&ng £ bSut ^ssuT^Wn* J*™*.* 

10 body in place of natural cardiac valve? Si I rlSaS fat & Lw S ini ; « 

One or more of the valves of the human being unfted I ST f£ JS? g f a 5 ftMc ^° l 55 

heart may be so gummed up, altered or S bodv ^nrf MfcL £ ? Ve bod . y ' The 

calcified by illness that a repairs nobng* JSS&S^ltSS 3 ™ TV 

possible by ordinary surreal means In united nn th» «L • 2 nd are ^ly 

15 such cases, grafting i artificial BSNJ fftat^af©^** 10 « 

ves has been tned for some years with The fixine rin^w I i t. , 60 

relatively good results. On the basis of a be ZS^^SJ^^ h ° d ? m t y 

number of technical and clinical observa- ?ue?ngT3 by 

t w w l ™ anilnaIs ' f ^ the connection be- 65 

«w 5 exan5 Pk by a screw connection, 
plug and socket connection or a bayonet 
*u t -«™*»*™ uacu. .ni connection. J 

. movable valve 3er *Uedta £6 £ ttlSffijT fff a** « 
body and a sewing ring «ith a toible ■ l& iTEE? 2 «»■ 
pad fixed on the base tinn ,a.' S «!f"- val,e M» * ""ted 



that, in the present state of the art, ball 
valves are most suitable for this purpose. 
Of foremost importance is their particu- 
larly long working life on account of the 
minimum stress on the materials used. At 



pad fixed on the base ring. 
The insertion is effected in this case by 
35 holding the prosthesis by means of twenty 
to thirty separate sutures, each septate 
thread being first passed through the tissue 
°u the t naturaI valve ri ng of the heart and 



with • AVt uuuv 15 united 

dni fiXmg nng ' 80 ^ration which, 
since the connection of tw6 mechanical 
parts is concerned, can naturally take olace 80 
in a matter of seconds. P ° 

ni fiX "J g ring te Provided with a 
number of recesses distributed over its 



then through the pad of the Tsewhic rino nV Xv \u '^^distributed over its 
40 provided for this purpose. Thi TSoA £ S&in^flft ^ * SUrgical thread 
intricate and requires much tiLfS« £ Jtt? *? ? Xing rin ? «5 the natural 85 
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for putting into place the numerous separ- 
ate stitches in the case of the known pros- 
thesis construction. 
In a modified embodiment of the inven- 
5 tion, the fixing ring is also provided with 
spikes which can be clamped to the natural 
heart tissue. In such case a seam can be 
dispensed with. 
Glueing of the fixing ring to the natural 

10 tissue is also possible, in which case the 
parts of the fixing ring facing the tissue 
are suitably roughened. In experiments a 
substance No. 910 of Eastman was used 
as adhesive. 

15 Instead of joining the fixing ring directly 
to the natural tissue, in another modified 
form of the invention the fixing ring and 
parts of the valve body may form a built- 
in annular chamber, which encompasses 

20 the natural tissue immediately adjoining 
the prosthesis and/or a supporting ring 
joined to the natural tissue, and thus holds 
the prosthesis. The supporting ring used in 
some cases may, for example, be stitched, 

25 clamped or glued to the natural tissue. 
In order to unite the valve body with 
the fixing ring, the valve body may suit- 
ably be provided with a connecting piece 
cooperating with the fixing ring and having 

30 a smaller external diameter than a base 
ring of the valve body. The diameter of 
the connecting piece may be chosen so that 
the fixing ring fitted thereon does not pro- 
ject over, or not substantially over, the ex- 

35 ternal diameter of the base ring of the 
valve body determining the valve opening. 
While in the above described known form 
of the artificial cardiac valve, the openings 
present in the natural heart are lost to a 

40 considerable extent for the effective dia- 
meter of the artificial heart valve through 
the sewing ring placed around the base 
ring of the valve body, these natural open- 
ings can be utilised to the maximum with 

45 a heart valve in accordance with the in- 
vention. With the same effective opening 
diameter of the valve, the artificial cardiac 
valve according to the invention can in 
consequence have a total diameter about 

50 25% smaller than the known prosthesis. It 
is thus possible for the surgeon to select 
with a given valve opening in the heart a 
substantially larger and therefore more 
efficient heart valve which, apart from this, 

55 causes less injury to the structure of the 
natural valve ring and its function than 
the comparatively substantially thicker an- 
nular seam of the known prosthesis. The 
effective diameter of the valve can therefore 

60 be so large that even with a heavy body 
load or stress, the then considerably in- 
creased flow rate can be passed through 
without hindrance, i.e. without substantial 
prevalvular rise in pressure. Tests have in- 

65 dicated, that, for example, with a ball 



valve with a ball diameter of 25 mm. the 
known heart prosthesis has a total dia- 
meter of about 40 mm, but a heart valve 
prosthesis can be constructed in accordance 
with the invention with a total diameter 70 
of only about 30 mm. With the same ex- 
ternal diameter, the effective valve open- 
ing is thus about doubled. 

A constructively simple, reliable union 
of fixing ring to the connecting piece can 75 
be obtained by providing the fixing ring or 
the connecting piece with flexible barbs, 
which can be engaged in corresponding 
depressions in the connecting piece or fixing 
ring respectively. 80 

In a preferred form, the part of the fixing 
ring facing the valve member is divided 
into springy prongs by axial notches which 
carry at their free ends barb-like projec- 
tions directed radially inwards, and on its 85 
side facing towards the valve member, the 
connecting part of the valve body is pro- 
vided with an encircling groove for the re- 
ception of the projections of the springy 
prongs on the fixing ring. 90 

The outer surface of the connecting pro- 
jection from the free end to the end ad- 
jacent the valve member may suitably be 
broadened out in the general shape of a 
frusto-cone, so that the springy prongs are 95 
placed under stress when the fixing ring 
and valve body are united. 

In the case of a detachable connection 
between the fixing ring and valve body, 
safety devices are preferably provided which 100 
hold the fixing ring connected to the valve 
body even if the actual joining instrumen- 
talities should become slack or fall out in 
some other way. In the above-described 
form of a fixing ring with springy prongs. 105 
whose projecting noses engage in a groove 
of the connecting projection on the valve 
body, these safety devices advantageously 
may have the form of one or more additional 
safety grooves. 110 

In embodiments in which the fixing ring 
is stitched to the natural heart tissue, the 
external diameter of the connecting pro- 
jection and the internal diameter of the 
fixing ring may be suitably so propor- 115 
tioned that the surgical thread taken round 
the fixing ring is clamped firmly between 
both members on fastening them together. 
In this way of loosening of the seam is 
prevented if the thread should chafe 120 
through or break for other reasons at one 
place or another. 

Since in the present state of the art even 
the most modern surgical suture material 
is not absolutely to be trusted when it is 125 
embedded in natural tissue over the years, 
a material containing meshes or pores is 
preferably attached to the fixing ring and/ 
or the base ring of the valve body, the 
meshes or pores of which give to the 130 
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natural tissue the opportunity to grow into 
them. The final safe fixing of the prosthesis 
thereby takes place through the natural 
tissue, i.e. the organism itself. In the forms 
5 of toe prosthesis in which no stitches need 
to be made, in which, for example, the 
fixing ring is clamped to the natural tissue 
use is also suitably made of the possibility 
of this additional fixation of the prosthesis 
10 by the natural tissue. The supporting ring 
used in some cases is also preferably pro- 
vided with such mesh- or pore-containing 
material. 5 

ic *uT h ^ meshes ° r P° res shou W be so wide 
15 that the natural tissue has sufficient room 
to grow into them, together with its blood 
vessels. Mesh or pore widths of 1/20 to i 
mm have proved specially suitable. In 
practice a polytetrafluoroethylene fabric 
20 (Registered Trade Mark Teflon) of the 
firm US Catheter and Instrument Corp 
with the name "Harrison's interlocked 
mesh of Teflon No. 3050" has proved satis- 
factory. Larger widths of mesh could like- 
25 wise be used, in which case a material, for 
example collagen, later synthesised by the 
organism, is preferably inserted in the 
meshes. In addition to synthetic fabrics, 
_ foam plastics with open cells are also suit- 
30 able for this purpose, which for example, 
may be glued or welded on the parts of die 

concerned 5 ' ***** b ° dy ° f supportin S rin S 
In the preferred form of the invention, 

35 the mesh material may partly envelope the 
fixing ring and be twisted together or fol- 
ded to a loose pad on the outside of the 
fixing ring, in which case it is suitably 
held together by a simple turned over or 

40 inward seam. In this case the fixing ring 
has preferably on the side remote from 
the base ring, a radially outwardly directed 
annular flange and the pad is held in the 
angle between the flange and the axial 

45 part of the fixing ring. 

The formation of clots on the low pres- 
sure auricle side of the prosthesis, which 
is particularly dangerous in the region of 
the surgical suture, may be obviated by 

50 introducing on the outside of the radial 
annular flange of the fixing ring or the 
mesh or pore material there present an 
anti-coagulant plastic substance preventing 
the accumulation of fibrin. Silicone rub- 

55 ber, for example, has been found suitable 
for this. 

Also as a protection against clots, a 
screen may be provided which can be 
clamped between the base ring and the 

60 fixing ring or connected to one of these 
parts, which screen covers parts of the 
fixing nng and/or the base ring, the sur- 
gical suture and parts of the auricle wall 
of the heart. 

65 Experiments on animals indicated that 



clotting in the heart grows along wires 
and similar rigid structures and thereby 
separates round these. The clots grow 
more quickly and more extensively in the 
part of the ventricle turned away from 70 
the main blood stream. When ball valves 
are used in which the ball is held by a 
baU cage made up of three or more sup- 
porting struts, each of these struts forms 
a potential seed rail for the growth of 75 
c tots. Smce, as was further found, such 
clots always start from the wall of the 
heart or a place on the seam, the forma- 
tion of clots may be prevented by ending 
one or more of the struts of the ball cage 80 
at a distance from the base ring 

The invention will be further described 
by way of example, with reference to the 
accompanying drawings, in which:— 

Fig 1 is a perspective representation of 85 
a preferred form of a heart valve pros- 
thesis constructed in accordance with the 
invention in the assembled state, parts of 
the base nng and the fixing ring being cut 
away in order to show their structure- 90 

Fig. 2 is an axial section of the heart 

llWff* 8 °J Fi * 1 but * the una* 
sembled state and without the fixing ring 
bemg enveloped by mesh material' 

ng. 3 is a detail section of the heart 95 
valve prosthesis of Fig. l- 

thT l L-l Sh ? WS ^ e . method of attaching 
the fixing nng of the heart valve pros- 
thesis of Figs. 1 to 3 to the natural tissue; 

Fig. 5 is a section similar to Fig. 3 of 100 
a modified embodiment of the heart valve 
prosthesis according to the invention; 

Fig 6 is a section similar to those of 
Figs. 3 and 5 of a further modified form 
or the heart valve prosthesis, 105 

Fig. 7 is a fragmental perspective repre- 
sentation of the fixing ring of the heart 
valve prosthesis of Fig. 6; 

Fig. 8 is a section similar to those of 
Figs 3. 5 and 6 of a further modified form no 
of heart valve prosthesis according to the 
invention; and 

Fig. 9 is a fragmental perspective repre- 
sentation of the fixing ring of the heart 
valve prosthesis of Fig. 8. U5 

The heart valve prosthesis shown in 
Figs. 1 and 2 has a valve body 1, made 
for example, of highly polished corrosion- 
resistant metal, with a base ring 2, the 
inner face of which forms a seating 3 for ito 
a ball valve 4. The ball valve 4, made for 
example of silicone rubber, is held freely 
movable in a ball cage, which is formed 
rrom two substantially U-shaped caee 
struts 6, 7 The struts 6, 7 are each firmly I25 
connected by one end to the base ring 2 
encircle the ball valve 4 and cross one 
another and their other ends form rounded 

K £f^ Ch a I e at * axial dis- 

tance (of the order of some millimetres) 130 
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from the base ring 2. On the side remote 
from the ball cage, the base ring 2 carries 
a. connecting projection 9, the inner face 
of which blends smoothly into the valve 
5 seating 3 and the outer side of which, as 
clearly seen in Fig. 3, tapers in a slightly 
frusto-conical form from the base ring to 
the free end of the connecting projection. 
In the region adjoining the base ring, two 

10 annular grooves 10, 11 with a saw-tooth- 
like cross section are formed one after 
the other in the axial direction in the out- 
side of the connecting projection 9. 
A fixing ring 14, made for example of 

15 stainless steel and constructed as an in- 
dependent component, has a cylindrical 
portion 15, which has a radial annular 
flange 16 at its end remote from the valve 
body 1. The portion 15 of the fixing ring 

20 is sub-divided into a plurality of springy 
prongs 18 by axial notches 17, barb-shaped 
noses 19 are formed on the free ends of 
the prongs facing the valve body I and are 
directed radially inwards. 

25 As shown in Figs. 1, 3 and 4, the portion 
of the fixing ring 14 remote from the valve 
body 1 is encased with a preferably coarse- 
mesh synthetic fabric 21, for example 
netted polytetrafluoroethylene. The lower 

30 part of the springy prongs 18 is thus visible 
through holes or meshes of the fabric and 
lies free. 

The ends of the fabric 21 are collected 
in the angle formed by the annular flange 

35 16 and the outer side of the cylindrical 
section 14 and are rolled into a light, loose 
pad 22, which is held together by means 
of a strong thread. 
For fastening the prosthesis in the heart. 

40 the fixing ring 14 is united with the natural 
heart tissue H by means of a so-called 
continuous seam. For this purpose a 
needle N with a surgical thread F (Fig. 4) 
is first taken from above to the inside 

45 round the fixing ring 14 and then is pas- 
sed out from the ventrical through the 
natural tissue H to the auricle. When the 
suture is tightened, the thread F is inser- 
ted in the notches 17 between adjacent 

50 springy prongs 18 and at the same time 
the natural tissue H is pushed away from 
the noses 19 of the springy prongs and 
pressed against the angle formed by the 
cylindrical portion 15 and the annular 

55 flange 16 or the fixing ring as well as the 
pad 22. 

The valve body 1 with the valve ball 4, 
attached to a thread and inserted into the 
ventricle before the sewing in of the fixing 

60 ring 14, is then drawn on to the fixing ring 
by means of the thread. The connecting 
piece 9 is pushed into the fixing ring 14 
and the noses 19 are engaged in the groove 
11 by simple strong pressure. In so doing 

65 the springy prongs 18 are spread radially 



outwards owing to the conical construction 
of the connecting projection 9, through 
which safe seating of the valve body 1 is 
ensured. The locking mechanism is not 
released under any circumstances by the 70 
forces occurring in the heart; on the con- 
trary the noses 19, owing to their barb- 
like form, are only pressed still more 
firmly into the groove 11 by the pressure 
formed in the ventricle and weighing on 75 
the prosthesis on each contraction of the 
heart. In case the noses 19 of one or more 
springy prongs 18 should become disen- 
gaged from the groove 11 under extraor- 
dinary stresses^ the second groove 10 is 80 
provided for safety's sake, which if neces- 
sary would catch the noses 19 slipping out 
of the groove 11. 

In experiments on dogs, for the implan- 
tation of a heart prosthesis of the above- 85 
described kind, only half of the time re- 
quired for attaching known heart valves 
is needed. 

In order to safeguard the surgical thread 
joining the fixing ring to the heart tissue, 90 
the edges of the springy prongs 18 along 
the notches 17 are preferably polished till 
rounded. 

This in conjunction with the padding 
out by the synthetic fabric 21 avoids 95 
chafing through of the thread. Apart from 
this, the free space remaining between the 
fixing ring and the connection projection 
when the fixing ring is in position is suit- 
ably chosen so that the surgical thread pas- 100 
sed through this space is tightly clamped. 
Should the thread chafe through at a 
particular place or break from other rea- 
sons, this does not result in a loosening of 
the whole seam. 105 

Instead of a continuous seam, separate 
stitches may obviously be used for fasten- 
ing the fixing ring 14, which is still done 
more simply and quicker than the fasten- 
ing of the usual heart valves. UO 

The final safe fixing of the heart valve 
is effected later by the natural tissue growing 
into the synthetic fabric 21. 

The heart valve prosthesis shown in Fig. 
5 differs from that of Figs. 1 to 4 essen- \\* 
tially in that a separate sewing ring 23 is 
provided, which consists of a solid frame- 
work (a metal ring 24 in the example 
shown) and a porous fabric 25 placed 
round this framework. no 

The sewing ring 23 is separately con- 
nected to the natural tissue H by means 
of a continuous seam F. From the one 
side of the sewing ring (the lower in Fig. 
5) the connecting projection 9 of the valve 125 
body 1 is then pushed into the sewing ring, 
and from the other side (the upper in Fig. 
5) the fixing ring 14 is pushed into the 
sewing ring. The noses 19 of the springy 
prongs 18 of the fixing ring thereby en- 130 
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gage in the encircling grooves. 10, 11 of 
the connecting projection 9, while the 
annular flange 16 of the fixing ring 14 
and a broadened shoulder 26 of the base 
5 ring 2 lie on both sides round the sewing 
ring 23, by which the valve is held in place 
A screening ring 27, of T-shaped cross 
section, is clamped by its cylindrical part 
fA 28 between the connecting projection 9 
10 and the fixing ring 14 and its flanged part 
29 covers the part of the connecting piece, 
the fixing nng and the surgical suture on 
the auricle side, as well as parts of the 
auricle wall, for the purpose of preventing 
15 the formation of clots. 

It is obvious that the screen 27 could 
also be placed firmly against the connect- 
ing projection or the fixing ring. 

™ , In . th „ e form of the nea rt valve pros- 

20 thesis shown in Figs. 6 and 7, the base 
ring 2 is provided additionally with a cy- 
lindrical part 31 arranged coaxially with 
the connecting projection 9. Two pairs of 
grooves 32, 33 of semicircular cross section 

25 are formed respectively in the outer face 
of the connecting projection 9 and in the 
mner face of the cylindrical part 31, said 
grooves lying opposite each other in pairs 
A flexible spring ring 35 is inserted in each 

30 of the grooves 32, 33. The fixing ring 14 
has a radial annular flange 36 and a plura- 
lity of pins 37 which extend in an axial 
direction and are connected to the radially 
inside-lying region of the annular seg- 

35 ment 36. Each pin 37 is provided with two 
annular grooves 38, in which, when the 
prosthesis is assembled, the spring rings 
35 engage and rest. 
The annular flange 36 of the fixing ring 

40 14 is provided with an annular pad 39 
made of meshed fabric. A further porous 
annular pad 40 with an L-shaped cross- 
section surrounds the outer face of the 
cylindrical part 31 and a supporting 

45 shoulder 41 of the base ring 2 which ex- 
tends radially outwards. 

In this embodiment, the prosthesis is 
held only by the parts of the base ring 
and the fixing ring surrounding the heart 

50 tissue. 

The fixing ring 14 of the heart valve pros- 
thesis shown in Figs. 8 and 9 is provided 
with a cylindrical portion 42, round the peri- 
phery of which is distributed a series of L- 

55 shaped spikes 43. Each spike 43 has a por- 
tion 44 connected to the lower part of the 
segment 42 and pointing radially outwards 
and an upwardly pointing axial portion 45 
with a sharpened end 46. Radially inwardly 

60 directed noses 47 of the fixing ring cooper- 
ate with annular grooves 48 on the outside 
of the connecting portion 9. The outside of 
the portion 42 and the radial portions 44 
of the spikes 43 are covered with a mesh or 

65 pore containing substance 49, which has an 



extended protective fold 50. 

In order to fasten the fixing ring to the 
heart tissue, the heart tissue is pierced by 
the axial portions 45 of the extended spikes 
43 whereupon the ends 46 are bent over 70 
radially inwards. The valve body is put in 
place and held by engaging the noses 47 in 
the grooves 48. The protective fold 50 is then 
laid round radially outwards. 

In order to guard against the formation of 75 
clots on the auricle (tow pressure) side of 
the prosthesis, the pores or' meshes are 
closed on the outer face of the protective 
fold 50 by a layer 51. The layer 51 may for 
example consist of silicone rubber. Rubber 80 
paste R 113 VE of the firm Wacker-Chemie 
and Wacker-Si-ltcon-Kautschuke Dispersion 
I VE have been found specially suitable. 

WHAT I CLAIM IS: — 

1. A heart valve prosthesis with a valve 85 
body, a valve member movable with respect 

to the valve body, and a fixing ring serving 
for the attachment of the prosthesis to the 
heart tissue the fixing ring being initially 
separate from but capable of being united 90 
with the valve body. 

2. A heart valve prosthesis as claimed in 
claim 1 in which the valve body and the fix- 
ing nng are detachably connected to one 
another. 95 

3. A heart valve prosthesis as claimed 
in claim 1 or 2, in which the fixing ring can 
be attached as such to the natural heart 
tissue. 

t 4. A heart valve prosthesis as claimed 100 
in claim 1 2 or 3, in which the fixing ring 
L S proVided with a number of recesses distri- 
buted over its periphery, through which a 
surgical thread can be passed for sewing the 
nxing ring to the natural heart tissue. 105 

5 A heart valve prosthesis as claimed 
in claim 1, 2 or 3, in which the fixing rin* 
is provided with spikes which can be clamp- 
ed to the natural heart tissue. 

6. A heart valve prosthesis as claimed in 1 10 
claim 1 or 2, in which the fixing ring to- 
gether with parts of the valve body forms an 
annular clamp, in which the natural tissue 

ifr y borderin g °n the prosthesis may it- 
self be encompassed and/or in which a sup- 115 
porting ring connected to the natural tissue 
may be received. 

. 7. A heart valve prosthesis as claimed 
m any of claims 1 to 6, in which the valve 
body is provided with a connecting projec- 120 
tion cooperating with the fixing ring and 
having a smaller external diameter than a 

vatveS. ValVe b ° dy containin S the 

8 A heart valve prosthesis as claimed 125 
m claim 7, m which the fixing ring or the 
connecting projection is provided with 
springy barbs, which can be engaged in cor- 
responding depressions in the connecting 
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projection or fixing ring respectively. 

9. A heart valve prosthesis as claimed 
in claim 7 or 8, in which the part of the fix- 
ing ring facing the valve member is divided 

5 into springy prongs by axial notches, the 
free ends of which prongs carry barb-like 
noses directed radially inwards, and the con* 
necting projection at its end faring the -valve 
member is provided with an annular groove 
10 for the reception of the noses of the springy 
prongs of the fixing ring. 

10. A hear$ valve prosthesis as claimed 
in claim 9, in which the outer surface of the 
connecting projection is of frusto-conical 

15 form broadening from the free connecting 
end to the end adjacent the valve member. 

11. A heart valve prosthesis as claimed 
in claim 9 or 10, in which the connecting 
projection is provided with one or more 

20 additional safety grooves. 

12. A heart valve prosthesis as claimed 
in any of claims 7 to 11, in which Xhe ex- 
ternal diameter of the connecting projection 
and the internal diameter of the fixing ring 

25 are so proportioned that a surgical thread 
passed round the fixing ring and used for 
sewing the fixing ring to the natural heart 
tissue can be clamped between these two 
structural parts on fastening them together. 

30 13. A heart valve prosthesis as claimed 
in any of claims 7 to 12, in which material 
containing meshes or pores is attached to 
the fixing ring and/or the base ring and/or 
the supporting ring for the natural body 

35 tissue to grow into. 

14. A heart valve prosthesis as claimed 
in claim 13, in which the material containing 
meshes or pores partly envelopes the fixing 
ring and is twisted or folded together to a 

40 loose pad on the outside of the fixing ring. 

15. A heart valve prosthesis as claimed 
in claim 14, in which the fixing ring has a 
radially outwardly directed annular flange 
on the side remote from the base ring and 

45 the pad is held in the angle between the an- 
nular flange and the axial part of the fixing 
ring. 

16. A heart valve prosthesis as claimed 
in claim 15, in which a plastic clot-prevenl- 

50 ing substance is provided on the outer side 
of the radial annular flange of the fixing 
ring or (he meshed material present thereon. 

17. A heart valve prosthesis as claimed 
in any of claims 7 to 16 which is provided 

55 with a screen which can be clamped between 



the base ring and the fixing ring. 

18. A heart valve prosthesis as claimed 
in any of claims 7 to 17 in which a ball cage 
encompassing a valve ball is affixed to the 
base ring, and one or more of the struts of 60 
the ball cage terminate at a distance from 
the base ring. 

19. A heart valve prosthesis constructed 
substantially as herein described with refer- 
ence to and as illustrated in Figs. 1 to 4 of 65 
the accompanying drawings. 

20. A heart valve prosthesis constructed 
substantially as herein described with refer- 
ence to and as illustrated in Fig. 5 of the 
accompanying drawings. 70 

21. A heart valve prosthesis constructed 
substantially as herein described with refer- 
ence to and as illustrated in Figs. 6 and 7 of 
the accompanying drawings. 

22. A heart valve prosthesis constructed 75 
substantially as herein described with refer- 
ence to and as illustrated in Figs. 8 and 9 of 
the accompanying drawings. 

23. A heart valve prosthesis as claimed 

in claim 1 and constructed substantially as 80 
hereinbefore described. 
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